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This invention relates generally to an appa-

ratus hereinafter -to he called -an oscillator, for
producing forces or moments for the purpose of
testing the dynamic charaecteristics of specimens,
instruments, structures, highways, soils, dams,
and other materials.

There have been prior devices proposed serving
these purposes, in which, however, the phase
angle, action line, and direction of the pulsating
forces and moments could not be altered inde-
pendently from one another.

Furthermore, prior arrangements have. been
deficient in various respects, including the in-

ability to change the direction of the excited

sinusoidal forces continuously through an angle
of 360° without changing the position of the

machine, thus requiring an interruption of the

test procedure.
Other deficiencies have been the inability to

excite sinusoidal impulses with an action line

not going through the center of gravity of the
oscillator. ‘
No prior machine based on the application of

centrifugal forces allowed a change in the posi-
tion of the action line of the excited impulses:

while the machine is operating:

Finally the deficiency that a. change in eccen-
tricity of the rotating weights is combined with
a change in phase angle has been eliminated.

One object of my invention is: to: provide for
the alteration of amplitude; frequency, -phase

angle, action line, and direction.of the pulsating:

forces or moments manually at the will of the
operator.

Another object of my invention is. to previde
improved apparatus and control systems, where-
by all foregoing deficiencies -may be substan-
tially, if not wholly; overcome and at the same
time obtaining a high: degreé of sensitivity and

ease and rapidity of adjustment of the load, fre-

quency, phase angle, actionr line and direction

limits, as well as widely ranging load, frequency,
phase angle; action line, and direction differen-:

tials between such limits.

A further object of my invention is to use ;

the oscillator to excite: a vibration table or-vi-

brating platform to-mechanical vibrations.in any
direction-in one plane in order-to calibrate in-
struments or to determine the sensitivity of in-

struments or-any other items-against mechanical
vikrations:

10 Claims..

The change of’ center of gravity of
the vibrating system by adding an- instrument or.-
another weight- can. be compensated -for by
changing thé.action: line: of the pulsating: forces:-

(CL. 74—61)
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' the oscillator and thus requiring no interruption

of test procedure.
Finally an object of my invention is the de-

- termination of the center of gravity of a vibrating

" system by changing: the direction and eccentricity

of the resultant forces or moments of the oscil-

- lator until the resultant motion of the vibrating
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~ or moments without changing the positxon of 88

system becomes a pure linear or a pure rota-
tional motion, thus indicating -that the excited
pulsating forces or moments -are passing through
the center of gravity of the vibrating system.
“In the particular form of the invention, Such
as described herein merely for the purpose of il-
lustrating one specific form among possible

“others that the mventmn mlght take in practice,

I have shown in:

Figure 1 sectional elevations of the oscillator
for producing pulsatmg loads along section A—-A
of Figure 2.

Figure 2 sectional plan views of the oscillator
for producing pulsating loads along ser'tlon B—R
of Figure 1.

Figs. 30, 3b and 3¢ diagrammatic sketches: of
the set-up for exciting maximum vibrations for
change in direction of the resultant centrifugal
force only, i. e. ¢ for vertical.motion, b for 45°
motion; and ¢ for horizontal motion. -

Tigs. 4a, 4b and 4c diagrammatic sketches of the
set-up for execiting maximum. vibrations for
change in eccentricity of the resultant centrifugal
force only, i. e. for.a 45° motion ¢ with large
eccentricity, b with. medium: eccentricity, and ¢
with zero eccentricity.

Figure 5 a' diagrammatic sketch of impulses.
during one period.

- I have shown in Figure 1 a sectional elevation of
the oscillator: The three pairs of weights { and
2, 3.and 4, and 5 and:6 are rotatable around the

4 geometrical axis of the tubular shafts 7, 8 and

8 respectively. Weight | is rigidly connected with
weight 2 by the bolts 10 and {1 which can slide
through the tubular'shaft Tin a transverse direc~
tion. Weights 3 and 4 and weights 5 and 6 are
connected' in: the same manner with tubular
shafts 8 and 8 respectively. ‘The position of the
weights 8 and 4 with respect to shaft:8 can be

changed by rotating worm gear {2 by means of
the rack and pinion drive {3, 14. The identical
arrangement is provided for the weights f, 2 and.
B, 6. . Hence a continuous change of eccentricity-
of the three pairs of weights with respect to
their corresponding shafts allows & continuous:
control. of ‘the- magnitude of the.impulses from
zero to maximum. The two pair of weights i, 2-
and 3;. 4 are shown with: a. maximum deviation.
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of their common center of gravity with respect
to their rotating tubular shafts T and 8 re-
spectively; the weights { and 2 are shown in a
vertical position, the weights 3 and 4 in a hori-
zontal position, and the weights 5 and 6 are
shown with their common center of gravity co-
inciding with the geometrical axis of shaft 9 and
in a 45° position with respect to the horizontal
axis. In the position as shown, rotating the two
pairs of weights | and 2, and 3 and 4 will excite
maximum centrifugal forces and rotating the
pair of weights § and 6 will excite no centrifugal
forces.

All six weights can be made of interchangeable
and various materials with various specific
weights in order to increase the difference be-
tween maximum and zero impulses.

Figure 2 represents sectional views of the oseil~
lator supported by a housing {a. A change of
eccentricity of the three pairs of weights 1, 2: 3, 4
and 5, 6 with respect to their corresponding
tubular shafts 7, 8 and 9 can be achieved by
sliding shaft (5 and knob {6. Shaft I5 and knob
{6 do not rotate normally and allow a change of
eccentricity of the weights 3 and 4 via the cylin-
der 11, the piston 18, and the ball bearings 19,
while the machine is operating.

The pair of weights 3, 4 is driven by the tubu-
lar shaft 8 through the shaft coupling 20. Cou-
pling 20 may be driven by an electric-, air-, or
gas motor. The pair of weights | and 2 is con-
nected with the pair of weights 3 and 4 via the
tubular shaft 7, the two bevel gears 21 and 22,
the two concentric tubular shafts 23 and 24, the
two bevel gears 25 and 26, and tubular shaft 8.
Hence the two tubular shafts 7 and 8 rotate with
" the same speed in opposite direction. The angu-
lar relationship between the two tubular shafts
23 and 24 can be changed by means of a differen~
tial key arrangement 21. Key 217 slides in longi-
tudinal slots in shafts 23 and 24. Slot in shaft
23 is parallel to the axis of rotation of shaft 23,
slot 28 forms a helix in the corresponding outer
tubular shaft. Key 27 is rigidly attached to
cylinder 29. Cylinder 29 can be moved hori-
zontally via the ball bearings 39 and the piston
31 by means of shaft 32 and knob 33. Shaft 32
and knob 33 do not rotate normally. Hence a
continuous control of the change in angular dis-
placement between the two pairs of weights 1, 2
and 3, 4 is possible while the machine is operat-
ing. An identical phase shifting arrangement is
interposed between the tubular shafts 8 and 9.
Hence shaft 9 rotates with the same speed as
shaft 8 in opposite direction and in the same
direction as shaft 1.

Weights | and 2 are shown with a phase angle
of 90° with respect to weights 3 and 4, and
weights 5 and 6 with a phase angle of 45° with
respect to weights 3 and 4.

Change in eccentricity and change in phase
angle of all three pairs of weights are completely
independent from another.

The direction magnitude, eccentricity and
action line of the resultant vibratory motion can
be controlled by hand.

Figures 3, 4 and 5 indicate dlagrammatlcally
thé‘posmon of the three centrifugal force vectors
1, ¢z and c3, excited by the three pair of weights,
their corresponding phase angles ai, a2 and az,
the resultant force vector R and its angle r and
its eccentricity e.

Figure 3 shows th'e set-up for exciting maxi-
mum vibrations-for a change in direction of the
resultant force-vector only; Figure 3a¢ indicates
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4

a vertical motion, Figure 3b indicates a 45°
motion, and Figure 3¢ indicates a horizontal
motion. .

Figure 4 shows the sef-up for exciting maxi-
mum vibrations in a 45° plane for a change in
eccentricity only; Figure 4a¢ indicates a large
eccentricity; Figure 4b indicates a medium ec-
centricity, and Figure 4c¢ indicates zero eccen-
tricity.

Figure 5 shows the frue sine curve of impulses
excited’ during one complete revolution corre-

. sponding to the position of the weights in Figures

15

20

25

30

35

40

50

55

60

65

70

75

3 and 4.

In a similar way all possible types of vibrations
in any direction or plane can be excited with a
continuously variable frequency and amplitude
range without changing the position of the oscil-
lator hence without interruption of the test pro-
cedure.

It will, of course, be understood that various
changes in details of construction and details of
parts may be made by those skilled in the art
without departing from the spirit of the inven-
tion as set forth in the appended claims.

In operation, the oscillator may be utilized in
connection with any testing machine, vibration
table; vibrating platform, instrument, structure,
soil or dam. The oscillator is operated by ec-
centrically supported weights rotating at equal
but variable speeds and hence, causing centrifu-
gal forces of various sizes, directions and action
lines in order to carry out tests with changing
loads, frequencies, stresses, deflections or de-
formations.

The oscillator, according to the particular
form as -disclosed herein, comprises at least
three or more rotating shafts; each shaft com-
prises two or more weights. Instead of two or
more weights, one or more pairs of cylinders in
an eccentric arrangement can be used. Shifting
the weights or eccentrics in such position as to
cause ‘an eccentricity within the mass distribu-
tion of each pair of weights, any type of sinusoi-
dal load impulses in every required direction and
action line, hence, independent of the force of
gravity, can be excited without changing the
position of the oscillator. These load impulses
do not occur as shocks, but according to the
sine law.

While operating, the velocity with whieh these
impulses follow depends on the angular speed
with which the oscillator runs.

The magnitude and direction of the impulses
depends on the relative position of the weights
or eccentrics. In.order to secure a pure sine
curve of the impulses, all three pairs of weights
or eccentrics rotate with the same speed and the
two outer pairs of weights or eccentrics in op-
posite direction to the center pair of weights or
ecceéntrics.

"In order to maintain, while operating, the
magnitude of the impulses, independent of the
angular velocity of the rotating systems, it is
necessary to alter the relative position of the
weights or eccentrics. This is obtained by pro-
ducing a displacement of the center of gravity
of each pair of weights with respect to their axis
of rotation and a phase displacement of the two
outer pairs of weights or eccentrics with respect

‘to the center pair of weights or eccentric. The
=,d*sp1acements are obtained manually by adjust-
.able rack and pinion drives or by differential key

(arrangements). By these means the device pro-
.duces sinusoidal impulses which can be kept con-
‘stant throughout the test.
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In operation, the device  may therefore: be:used:
for carrying out fatigue or: endurance:tests: until
a. rupture or' destruction: of the test! specimen,
instrument; or structure:takes: place.. The: limits:
within which the:load in magnitude; direction:and:
action line varies in a test can be fixed or altered:

while the machine is runmng

I claim:

1. A device for producing harmonically: pulsat-~
ing: forces. of adjustable amplitude; frequency;
phase angle, direction; and action line comprising:
in- combination a housing, three parallel shafts

rotatably supported in said housing, two: weights:

rigidly connected with one another on each off
said shafts, means interposed . between: each; pair:

@

10:

15:

of weights on corresponding shafts for changing: -

the relative position of:each: pair of weights: with:

respect to the shaft, a: connection between:. the-

central shaft and the left shaft and a connection:
between the central shaft and the right shaft for
changing the angular relationship between the

central pair of weights and the two- side pairs:of

weights respectively; means of rotating:said:three
shafts at the same speed and the center-shaft: in
direction opposite to the direction of the two side:
shafts, controlling means: for altering; while the:
machine is running, the relative angular position
of: each: of the three pairs of weights with. respect
o the corresponding shafts, so as. to keep' the:

resultant: centrifugal: force of said: weights: con-

stant at variable rotational speeds..

2: A device for producing harmeonically pulsat-
ing - forces of adjustable amplitude, frequency,
phase angle, direction; and: action: line compris-

ing in combination a housing; three parallel

shafts rotatably supported in said housing, two
weights rigidly connected with one another on
each of said shafts, means' interposed between
each pair of weights on corresponding shafts for
changing the relative position. of: each. pair of
weights with respect to the shaft, a connection
between the central shaft and the-left shaft and
one interposed between the central shaft and the
right shaft for changing: the: angular relation-
ship between: the central pair-of weights -and the
two side pairs of weights respectively, means for
rotating said three shafts at the same speed and
the center shaft in direction opposite to the direc-
tion of the two side shafts, controlling means for
altering, while the machine is running, the rela-
tive angular position of each of the three pairs
“of weights with respect to the corresponding
shafts, so as to keep the resultant deformation of

the objects to be tested constant at variable rota-

tional speeds.

3. A device for producing harmonically pulsat-
ing forces of adjustable amplitude, frequency,
phase angle, direction, and action line comprising
in combination a housing, three parallel -shafts
rotatably supported in said housing, two weights
rigidly connected with one another on each of
said shafts, means interposed between each pair
of weights on corresponding shafts for changing
the relative position of each pair of weights with
respect to the shaft,  a connection between the
central shaft and the-left shaft and a connection
between the central shaft and the right shaft for
changing the angular relationship between the
central pair of welghts and the two side pairs of
weights respectively, means of rotating said three
shafts at the same speed and the centér shaft in
direction opposite to the direction of the two side
shafts, controlling means for altering,  while the
machine is running; the relative angular position -
of each of the three pairs of weights with respect
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to: the; corresponding shafts; so-as to: rotate the
action line of the resultant centrifigal force of’
said’ weights-with a.constant angular velocity at
variable: rotational speeds:

4, .A. device for producing h‘armonically pul~
saling forces of ‘adjustable amplitude, frequency;
phase angle, direction, and action line compiis-
ingin combination a. housing, three parallel
shafts rotably supported in said Housing, two:
weights: rigidly. connected: with: one another on
each: of said shafts, means interposed between
each  pair of: weights-on corresponding shafts for
changing: the relative: position of each pair of
weights. with: respect to: the shaft, a connection
between' the: cenfral shaft and the left shaftand
a.connection between the central shaft and the
right shaft for changing the angular relationship -
between: the-central pair of weights and the two
side- pairs. of weights respectively, means-for ro-
tating: said’ three shafts at the same- speed and:
the: center shaft in direction opposite to the two
side' shafts. controlling means. for altering, while
the machine is running; the angular relationship
between: the center pair of weights and the left
pair- of ‘weights and independently the angular
relationship between the center pair of weights
and the right. pair of weights, so as to determine
the-center of gravily of a- vibrating system.

5.. A device for producing harmonically: pul-

" sating” moments: of adjustable: amplitude, fre~

quency; phase angle, direction, and action line

. comprising: in combination a housing, three par-

40:

allel’ shafts rotatably: supported’ in said housing,
two weights rigidly connected with: one another;
on each of'said'shafts; a.rack and pinion drive in-
terposed between' each: pair of weights on. cor=
responding shafts for chianging the relative posi-
tion of  each pai of weights: with  respect to- the
sHaft, a-connection between the central shaft and
the leff sHaft and a connection between the cen»

- tral shaft and the right-shaft. for changing the
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angular relationshin between the central pair
of weights and the two side pairs of weights re-
spectively; means of rotating said three shafts at
the:same speed and: the-center-shaft in direction
obpesite to the direction of the two side shafts,
controlling means for altering, while the ma-
chine is running, the relative angular position of .
each of the three pairs of weights with respect
to the corresponding shafts, so as to keep the re-
sultant centrifugal force of said weights con-
stant at variable rotational speeds.

6. A device for producing harmonically pul-
sating moments of adjustable amplitude, fre-
quency, phase angle, direction, and action line
comprising in combination a housing, three par-
allel shafts rotatably supported in said housing,
two weights rigidly connected with one another
on each of said shafts, means interposed between
each pair of weights on corresponding shafts for
changing the relative position of each pair of
weights with respect to the shaft, a differential
key between the central shaft and the left shaft
and a differential key between the central shaft
and the right shaft for changing the angular re-
lationship between the central pair.of weights
and the two side pairs of weights respectively,
means of rotating said three shafts at the same
speed and the center shaft in direction opposite
to the direction of the two side shafts, controlling
means for altering, while the machine is run-
nmg,'the relative angular position of each of the
" three pairs of weights with respect: to the cor-
responding shafts, so as to keep the resultant
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deformation of the objects to be tested constant
at variable speeds.

7. A device for producing harmonically pulsat-
ing moments of adjustable amplitude, frequency,
phase angle, direction, and action line comprising
in combination a housing, three parallel shaits
rotatably supported in said housing, two weights
rigidly connected with one another on each- of
said shafts, means interposed between each pair
of weights on corresponding shafts for changing
the relative position of each pair of weights with
respect to the shaft, a connection between the
central shaft and the left shaft and a connection
between the central shaft and the right shaft, for
¢hanging the angular relationship between the
central pair of weights and the two side pairs of
weights respectively, means of rotating said three
shafts at the same speed opposite to the direction
of the the two side shafts, controlling means for

. altering, while the machine is running, the rela-
tive angular position of each of the three pairs
of weights with respect to the corresponding
shafts, so as to rotate the action line of the re-~
sultant centrifugal force of said weights with a
constant angular velocity at variable- rotatlonal
speeds.

8. A device for producing harmonically pulsat-
ing moments of adjustable amplitude, frequency,
phase angle, direction, and action line compris-
ing in combination a housing, three parallel
shafts rotatably supported in said housing,; two
weights rigidly connected. with one another on
each of said shafts, means interposed between
each pair of weights on. corre:ponding shafts for
changing the relative position of each pair of
weights with respect to the-shaft, a connection
between the central shaft and the left shaft and
a connection between the central shaft and.the
right shaft for changing the angular relationship
between the central pair of weights and the two
side pairs of weights respectively, means .of ro-
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tating said three shafts at the same speed and .

the center shaft opposite to the direction of the
two side shafts, controlling means, for altering
while the machine is running, the angular rela-
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‘tionship between the center pair of weights and

the left pair of weights and independently the
angular relationship between the center pair of
weights and the right pair of weights, so as to
determine the center of gravity of a vibrating
system.

9. A device for producmg pulsating forces of
adjustable phase angle, direction, and action line,
comprising in combination a housing, three par-

-allel shafts rotatably supporfed in said housing,

eccentric weights mounted on each of said shafts
for rotation therewith, a connection between the
central shaft and the left shaft and a connection
between the central shaft and the right shaft
for changing the relative angle hetween the ec-
centric weight on the central shaft and the ec-
centric weights on the side shafts respectively,
and means for simultaneously rotating said three
shafts. ‘

10. A device for producing pulsating forces of
adjustable phase angle, direction, and action line,
comprising in combination a housing, three par-
allel shafts rotatably supported in said housing,
eccentric weights mounted on each of said shafts
for rotation therewith, a connection between the
central shaft and the left shaft and a connection
beween the central shaft and the right shaft for
simultaneously rotating said shafts, means opera-
ble while said shafts are rotating for changing
the relative angular adjustment between the ec-
centric weight on the central shaft and the eccen-

trlc weights on the side shafts respectively, and -
‘@ power shaft operably connected with said con-

nections between said shafts for imparting rota-

tion to said shafts.
e I}UDOLPI—I K. BERNHARD.
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